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BANGWAR UNDERGROUND MINE, SECL

1.0 INTRODUCTION

The Bangwar UG Mine of SECL is situated in Burhar Tehsil of Shahdol
District of Madhya Pradesh. It falls under the administrative control of Sohagpur
area. As per survey of India topo sheet n0.64E/12, it lies between:
Latitude N23°908’ 45" & 23009 45" &

Longitude E81°31' 20" & 819 33 00"

It is located at a distance of 35Km from Shahdol and is well connected by
road. By Railroad it is approachable through Amlai Railway Station about 8Km away

from mine. Three seams are being worked at Bangwar UG mine namely Seam Vi,

Seam VIT & Seam VIB. Brief details of the mine are given in the table below:

BRIEF DESCRIPTION OF THE MINE

SL.No. | PARTICULARS
1 Name of Project Bangwar U/G Mine
2 Date of opening of the project September, 1987
3 Sub-Area Khairaha-Damni-Bangwar
4 Area Sohagpur
5 Tehsil Burhar
6 District Shahdol
7 State Madhya Pradesh
8 Nearest Railway Station Amlai
9 Mode of entries Incline no.1 :?: Izine Incline no.3
a | Gradient 1in4.0 1in5.0 1in45
b | Cross section 3.0mX4.8m 2.5mX4.8m | 2.5mX4.8m
Travelling Belt Haulage
& | Puipgsa road conveyor Road
d | Length 146m 185m 151m
THREE
Seam VII
10 Number of workable seams Seiam VIT
Seam VIB
Job no. 538219
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_SLMNo. [PARTICULARS |
; - Thickness range
; 11 Beam Yl 25 f. 4570
1 Seam 'IT 225
| - SeamVIE | 2 ( 13-4 74N
l Parting hetween Seams
| 12  Seam VIl Z Se :-; T -2z
'; _Seam VIT 2 Seam YIB iZmtoibm ——
? Presence of bands/ Ofher g
{ 13 , J ML
| _9e0.Disturbances caiam—
14 | Av. Grzde of Cozl G-7 I
% Gradient of Seam ‘ o
|15 ' Seam VI 1815
| | Sezam VIT 1ini5
; | Seam VIB 1ini6 —
| 16 | MNature of roof Sand stone zad Ehale
} 17 ] MNature of floor Sand stone
18 ' Degree of gassiness ¥ degree
f | Crossing point temperature of
l seam
19 | Seam VI | 128.2C
| Seam VIT 141.6°C
| Seam VIB 124.5°C
Ignition point of seam .
20 Seam VI | 142°C
| Seam VIT L 155°C
Saam VIB 183.2°C
21 § Method of working | Bord 2nd pillzr (With I 2 LHD)
‘ . . | 1)UDH |
2 | Typeof Diing Machie | 2)Hand held electric cozl drils |
24 Type of loading Machines |LHD & C1A |
h !
25 IMode of Transportation ; Belt conveyor !
o6 Qg?gal production during 2018- E 0.285MTY i
07 EC Capacity | 0.85MTY |
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2.0 SUBSIDENCE PREDICTION :

The subsidence prediction model based on Influence Function method,
developed in CMPDI, has been used for estimation of likely subsidence over the
mining area. Subsidence prediction has been done for the panels proposed to be
extracted by caving method in mine projection plans of seams VIB, VIT and VIl. As
Per project report, the minimum and maximum thicknesses of extraction have been
considered to be 1.5m and 4.5m. Input data used for subsidence prediction, such as
mining parameters, geology, panels’ dimension, sequence of extraction of the panels
and surface features have been collected from project report and plans sent by area
authority.

Details of mine layout, surface contours, surface features, forest and other
relevant features have been digitised from surface plan and mine projection plan of
seams VIB, VIT, and VII. The digitised data have been used as input parameters for
subsidence prediction model.

The subsidence measurement data carried out by Bangwar Mine for 5 Nos.
Panels of Seam VII & 2 Nos. Panels of Seam VIT was furnished by the Project
indicating the field measurement values of subsidence on the surface of the panels
already depillared in the seams. Accordingly, the values of subsidence factor and
angle of draw for single and multiple seam extraction have been taken considering
the rock mass of overlying strata, geo-mining conditions, method of work and
subsidence data observed in the mine. The parameters taken for subsidence

prediction are as follows:

i) Subsidence factor : 0.6 for multiple seam extraction

i) Angle of draw : 30° for single seam extraction and 35° for multiple
seam extraction.

iii) Anticipated percentage : 70%
of extraction in panels

iv) Depth : Average depth for each panel or part of the panel
where depth varies significantly within the panel.

Job no. 538219 Page 3



V) Thickness of extraction : Average thickness of the seam for each panel [?(;
part thereof. Minimum 1.5m and maximum &
4.5m.

Before subsidence prediction, the prediction model has been calibrated
according to the above mentioned subsidence parameters. For subsidence
calculation, underground extraction area has been divided into 20m x 20m grid
blocks as individual elements. The numerical procedure followed for prediction
involves estimation of subsidence at the grid points of each element and subsequent
integration to arrive at resultant values and the final area influenced by ground
movement. Subsidence has been calculated over 26,576 points.

Subsidence prediction has been done for five stages of mining, i.e. at the end
of 5, 10, 15, 20 and at the end of mine life. Stages of depillaring of panels at 5 years
intervals in seams VIB, VIT and VIl are shown in different colours in Plates 2, 3 and
4 respectively. All the stages have been drawn based on the data of mine & plans

etc. provided by the Mine authorities. The diversion of Kachhian Nallah provided in
the plans has been considered for subsidence prediction.

3.0 SUBSIDENCE PREDICTION RESULTS :
3.1 Maximum subsidence, subsidence contours and subsidence profiles:

The anticipated maximum possible subsidence over the mining area likely to
occur due to extraction of seams VII, VIT and VIB after 5, 10, 15, 20 years and at the
end of mine life are 2.46m, 5.38m, 5.38m, 5.68m and 5.68m respectively. The
estimated maximum possible subsidence likely to occur at the end of mine life (i.e.
after 24 years of mining) is 5.68m, which is likely to take place over the panels 8 of
Seam VII, 19 & 19A of seam VIT and 12 of seam VIB. In the forest area, the
maximum possible subsidence likely to occur is 5.68m, which is likely to take place
over the panels 8 of Seam VII, 19 & 19A of seam VIT and 12 of seam VIB. From the
estimated subsidence at each grid point, subsidence contours are drawn at every 5
year stage of mining and shown in Plates 5, 7, 9, 11 and 13.

Subsidence contours along with their values have been shown in different

colours shown in the legend of the plans and are self-explanatory. In all Plates
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L

subsidence contours are shown & Im intervals. Final subsidence pioties along ines

AA’ and BB have also been drawn and shown in Plates 17 and 13 raspactivaly,

3.2 Effect of subsidence on surface topography and surface eatures
along with mitigative measures :

Surface topography before mining, after svery 3 voar stage of depilaring and
at the end of mine life are shown in Plates 1. 8. & 10, 12 and 14, Chang2 I
topography due to subsidence can be seen by comparing the above z::enhez‘.ed
plates. For a comparative assessmant of ground condition bafore and ater mining.
3D views of surtace before and after mining. (L. after extraction of seams VI, VIT
and VIB) are shown in Plates 15 and 16 respectively. By comparing the above two
views, it is observed that there is perceptible change in swiace topography. Surtace
profiles before mining and after final subsidence (Lo, after extraction of all the twee
seams) have also been drawn along lines AA” and BB’ and shown in Plates 17 and
18 respectively.

The ground elevation of the mining area ranges from 483m o 303m, L&, a
difference of elevation of 15m. The Kachhain Nallah, Nargara Nallah & Ghoghia
Nallah form the drainage pattern of the area. The workings below Nargara Nallah
have been proposed to be developed only and no depillaring has been proposad as
can be seen in Plate no. 2, 3 & 4, As per the data providad by the mine authorities,
the diversion of Kachhian Nallah shall be camied out. Therefore, the maximum
anticipated subsidence of 5.68m is not likely to damage or cause any safety hazard
or change the drainage pattern in the area.

However, subsidence may result in the formation of depressions over the
centre of the panels and cracks at the zones of high tensile strain such as along the
boundary and barriers. Pooals of water are likely to be formed in these depressions
during rains, which may be relained wherevar possible for the benafit of vegetation in
the forest land or filled up/drained out by cutting drains depending on satety of
underground workings.

The surface cracks, developed due to subsidence, need to be filled up
properly and regularly with clay and stone chips to achigve the original drainage

Job no, S3R2IV Mo 3



pattern of the area and to prevent ingress of air and water into the goaf. This will
Mminimise the chances of underground inundation and spontaneous heating.

For estimating the effects of subsidence on surface features, panel wise
anticipated maximum possible subsidence, slope and tensile strain have been
calculated due to extraction of seams VI, VIT and VIB after 5, 10, 15, 20 years and
at the end of mine life are shown in Tables 1,2, 83, 4 and 5. Strains developed due to
subsidence is the prime cause of damage to the surface features. Thus, values of
strains likely to occur near important surface features have been estimated to

envisage the extent of damages to the surface features. The impacts of subsidence
on different surface features are outlined below.

Impact of subsidence on Nargara Nallah :

The workings below Nargara Nallah have been proposed to be developed
only and no depillaring has been proposed as can be seen in Plate no. 2, 3 & 4. A
barrier of 15m has been Proposed to be left to further safe guard the Nallah. Nargara

Nallah flowing over the mining area is unlikely to be affected by subsidence as
depicted in Plate no. 5,7, 9, 11, & 13,

Impact of subsidence on Kachhian Nallah :

As per the data provided by the mine authorities, the diversion of Kachhian
Nallah flowing over the mining area shall be carried out. A barrier of 60m has been
proposed to be left against the proposed diversion of nallah. No subsidence effects

are predicted to be observed on Kachhian nallah as depicted in Plate no. 8.7.8 11,
& 13.

Impact of subsidence on Ghoghra Nallah :

The Ghoghra Nallah is flowing outside the area being depillared. The diverted
Kachhian Nallah is proposed to merge with the Ghoghra Nallah. No subsidence

effects on the diverted nallah & Ghoghra nallah are predicted to be observed due to
mining as depicted in Plate no. 13.
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Impact of subsidence on PWD road :

The existing PWD road is outside the area baing depillared. No subsidenco

effects on this road are predicted to be observed due lo mining as depicted In Plate
no.5,7,9, 11, & 13.

Impact of subsidence on Pond 1, Pond 2 & Pond 3 :

Pond 1 lies vertically above Panels 19, 19A of Seam VIB & 18, 18A of Seam
VIL. It is proposed to not depillar the panels vertically below Pond 1 & a barrier of
60m from the pond has also been proposed to be left to further safeguard this
surface feature.

Similarly, Pond 2 lies vertically above Panels 33, 39A & 36 of Seam VIB. . Itis
proposed to not depillar the panels vertically below Pond 2 & a barrier of 60m from
the pond has also been proposed to be left to further safequard this surface feature.

The Pond 3 lies vertically above Panels 42, 43, 44 & 45 of Seam VIB and
panels 27 & 28 of Seam VIT. It is proposed to not depillar the panels vertically below

Pond 3 & a barrier of 60m from the pond has also been proposed to be left to further
safeguard this surface feature.

No subsidence effects on Pond 1 & Pond 2 are predicted to be observed due
to mining as depicted in Plate no. 5, 7, 9, 11, & 13. However, the barrier left against
Pond 3 is likely to be effected by a strain of 2.76 mm/m.

Impact of subsidence on Inclines & Airshaft:

Inclines 1, 2 & 3 and airshaft of the mine are unlikely to be affected by
subsidence in the final stage of working as these are located outside the subsidence
influence area.

Impact of subsidence on tenancy land :

The tenancy land over the mining area exists in the eastern & western side of
the mine boundary as shown in Plate 1 (Topographical Plan). The eastern side
tenancy land is likely to be affected by a maximum strain of 77.92 mm/m at the end
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of mine life. The western side tenancy land is likely to be affected by a maximum
strain of 41.12 mm/m at the end of mine life.

3.3 Effect of subsidence on forest land -

Major portion of mine area are below the forest land. The area of forest land likely to
be affected by subsidence is shown in Plates relating to subsidence contours (Plate
no. 13). For estimating the effect of subsidence on forest, panel wise anticipated
maximum possible subsidence, slope and tensile strain have been calculated due to
extraction of VII, VIT and VIB seams during the different stages of mine life. The
Table no. 5 shows the values of maximum possible subsidence, slope and tensile
strain and the likely width of surface cracks at the end of mine life.

The circular no. F.No. 5-3/2011-FC (Annexure 1) issued by Ministry of Environment,

Forest and Climate change (Forest conservation division) envisages guidelines for

diversion of forest land for non-forestry purposes under the Forest (Conservation)
Act, 1980 and guidelines for collection of NPV. These guidelines may be utilised for
the calculation of NPV to be paid for Bangwar UG project.

4.0 SUBSIDENCE MANAGEMENT :

Considering the impact of subsidence on surface topography,
surface features, as explained in earlier chapters,
management aspects are required to be undertaken
adverse effects.

forest and
the following subsidence
to overcome or to minimise

i) Due to subsidence, surface cracks likely to develop over the mining area
need to be filled up properly and regularly by clay and stone chips and
thereafter with about 0.3m high clay heap over the cracks. It will help in
achieving the original drainage pattern over the mining area, improving the
water retention capacity of the soil, minimising the top soil erosion and
avoiding chances of underground inundation and spontaneous heating.

i) Itis suggested that a team is formed by the mine management which will

be responsible for the proper and regular filing of surface cracks
developed due to subsidence.
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i)

vi)

vii)

The team will also maintain record of the development and filling of
surface cracks. Adequate supply of filling materials should be arranged by
mine management at the site.

While planning the extraction of the different seam panels, a time lag of
more than 5 years has been maintained between extraction of successive
panels in superimposition. This will allow the super-incumbent strata to
consolidate and settle before the extraction of lower seam. With this time
lag in multiple seam extraction, depressions on the surface will take place
in steps and after long intervals of time, and as a result reduced amount of
slope and strain will develop on the surface.

Subsidence may result in depressions on the surface with accumulation of
water during the rains. Such accumulation of water may be beneficial for
vegetation in the forest. These water bodies may be retained wherever

possible or filled up/drained out by cutting drains depending on safety of
the underground workings.

Surface drains should be made outside of the subsidence influence area

to prevent the surface water of adjoining area from coming into active
subsidence area.

Coal pillars are to be left un-extracted vertically below and within
subsidence influence area from the surface features which are required to
be protected from subsidence damages.

Considering the make of water in small seasonal streamlets existing over
the mining area, due care has to be undertaken while extraction is made
below these streamlets such as avoiding extraction during monsoon and
filling up cracks developed in the bed of the streamlets, when dry.
However, if it is required to keep these streamlets totally out of subsidence
influence area, coal pillars should be left un-extracted vertically below and
within angle of draw from the streamlet, i.e. within 30° angle of draw for
single seam extraction and 35° angle of draw for multiple seam extraction.

Job no. 538219
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5.0

iii)

The impact of subsidence on different surface features and forest land
along with the degree of damage are provided in Annexure |l for reference,
.. the “Subsidence Impact Matrix". The Subsidence Impact Matrix (SIM)

shown therein was developed under a Ministry of Coal funded S&T
project.

CONCLUSION :

After extraction of all the three seams, i.e. after extraction of VII, VIT and
VIB seams, the anticipated maximum possible subsidence likely to occur
over the mining area is 5.68m, which is likely to take place over the panels
8 of seam VII, 19 & 19A of seam VIT and 12 of seam VIB. The estimated
maximum possible slope and tensile strain likely to occur are 173.12

mm/m and 90.89 mm/m respectively over the panels 15 of seam VII, 17 of
seam VIT and 11 of seam VIB.

In the forest area, the maximum possible subsidence likely to occur is
5.68m over panels 8 of seam VII, 19, 19A of seam VIT and 12 of seam
VIB. The estimated maximum possible slope and tensile strain likely to
occur are 173.12 mm/m and 90.89 mm/m respectively over the panels 15
of seam VI, 17 of seam VIT and 11 of seam VIB. The surface cracks likely
to develop are more than 300mm wide over most of the forest area.

The circular no. F.No. 5-3/2011-FC (Annexure 1) issued by Ministry of
Environment, Forest and Climate change (Forest conservation division)
envisages guidelines for diversion of forest land for non-forestry purposes
under the Forest (Conservation) Act, 1980 and guidelines for collection of
NPV. These guidelines may be utilised for the calculation of NPV to be
paid for Bangwar UG project.

Nargara Nallah flowing over the mining area is unlikely to be affected by
subsidence as depicted in Plate no. 5, 7, 9, 11, & 13 and a barrier of 15m
has been proposed to be left to further safe guard the Nallah.

Page
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Vi)

vii)

viii)

ix)

A barrier of 60m shall be left unextracted below the diversion of Kachhian
Nallah and no subsidence effects are predicted to be observed as
depicted in Plate no. 5, 7, 9, 11, & 13.

The Ghoghra Nallah is flowing outside the area being depillared. The
diverted Kachhian Nallah is proposed to merge with the Ghoghra Nallah.
No subsidence effects on the diverted nallah & Ghoghra nallah are
predicted to be observed due to mining as depicted in Plate no. 13.

The existing PWD road is outside the area being depillared. No
subsidence effects on this road are predicted to be observed due to mining
as depicted in Plate no. 5,7, 9, 11, & 13.

Pond 1 lies vertically above Panels 19, 19A of Seam VIB & 18, 18A of
Seam VII. Pond 2 lies vertically above Panels 33, 39A & 36 of Seam VIB.
The Pond 3 lies vertically above Panels 42, 43, 44 & 45 of Seam VIB and
panels 27 & 28 of Seam VIT. It is proposed to not depillar the panels
vertically below Pond 1, 2 & 3 & a barrier of 60m from the ponds has also
been proposed to be left to further safeguard these surface features. No
subsidence effects on Pond 1 & Pond 2 are predicted to be observed due
to mining as depicted in Plate no. 5, 7, 9, 11, & 13. However, the barrier
left against Pond 3 is likely to be effected by a strain of 2.76 mm/m.

Inclines 1, 2 & 3 and airshaft of the mine are unlikely to be affected by
subsidence in the final stage of working as these are located outside the
subsidence influence area shown in Plate no. 13 (Subsidence contours at
the end of mine life).

The tenancy land over the mining area exists in the eastern & western side
of the mine boundary as shown in Plate 1 (Topographical Plan). The
eastern side tenancy land is likely to be affected by a maximum strain of
77.92 mm/m at the end of mine life. The western side tenancy land is
likely to be affected by a maximum strain of 41.12 mm/m at the end of
mine life.
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xi)

xii)

Xiii)

Xv)

XVi)

The ground elevation of the mining area ranges from 488m to 503m, i.e. a
difference of elevation of 15m. The Kachhain Nallah, Nargara Nallah &
Ghoghra Nallah form the drainage pattern of the area. The workings
below Nargara Nallah have been proposed to be developed only and no
depillaring has been proposed as can be seen in Plate no. 2, 3 & 4. After
the proposed diversion of Kachhian Nallah, the maximum anticipated
subsidence of 5.68m is not likely to damage or cause any safety hazard or
change the drainage pattern in the area.

Surface cracks formed due to subsidence will need to be filled up with clay
and stone chips and thereafter with about 0.3m high clay heap over the
cracks. It will help in achieving the original drainage pattern in the mining
area, improving water retention capacity of the soil, minimising the top soil
erosion and avoiding chances of underground inundation and
spontaneous heating.

It is suggested that the mine management forms a team that will be
responsible for the proper and regular filling of surface cracks developed
due to subsidence. The team will also maintain a record of the
development and filling of surface cracks. Adequate supply of filling
materials should be arranged by the mine management at the site.

Surface drains should be made outside of the subsidence influence area

to prevent the surface water of adjoining area from coming into active
subsidence area.

For the safety of underground workings it will be necessary to prevent the
formation of water bodies on the surface while extracting panels in the
lower seam. It is also suggested that dewatering of the goaves of upper
seam should be continued as long as the lower seam is worked to prevent
the formation of large water bodies over the working area.

Job no. 538219
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xvii)  Extraction sequence is proposed to be maintained in such a manner so

that extraction of upper seams will always be in advance than the lower
seams.

xviii) It is recommended that while carrying out extraction in the upper seam VI,
close subsidence monitoring is required to be done over some initial

Panels. On the basis of observed data, necessary correction in
subsidence estimation may be done, if required.

...000...
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I. No. 5-3 2011-FC
Government of India
Ministry of Environment, Forests and Climate Change
‘ (Forest Conservation Division)
Indira Paryavaran Bhawan,
Aligary, Jorhagh Road,
New Delhi - 110 003
Dated: 16™ March, 2018
To

The Principal Secretary (Forests)

All States:Union territe ries

Sub: Guidelines for diversion of forest land for non-forestry purposes under the Forest
(Conservationj Act, 1980 Guidelines for collection of Net Present Value (NPV).
Sir,

1 am directed to refer to this Ministry's letter No. 5-3/20009-FC dated 5 February, 2009
on the above-mentioned subject, wherein inter-alia it was stated that Net Prosent value (NPV) ot
forest land to be diverted for underground mining projects shall be realised at the rate of 30 %
of the normal rates.

2. This Ministry received representations to exempt the forest land Jiverted for

underground mining projects from the requirement of payment of NPV. The matter has been
examined by the Forest Advisory Committee constricted by the Central Government in
accordance with the provisions of the Section -3 of the Forest (Conservation) Act. 1980,

3. After careful examination of the matter in this Ministry on the tasis of the

recommendations of the Forest Advisory Committee, I am directed to say that m case of
underground mining projects where surface strain predicted by the 3-D subsidence predivtion
model is less than 20 mm/m, the NPV of the forest land diverted for such projects may be
realised at the further lower rates, as below:

| R =
Surface strain  predicted by 3-D NPV Rates

1 ]

subsidence prediction model 1|! |

_Up o5 mm/m Nil 1

r;—mm to 10 mm/m 10 % of normal mtes of NPV _—5

10 mm/m to 15 mm/m I -_h??S”;;l'_::o_:mal rates of NPV 1I

15 mm/m to 20 mm/m - 1 gll % of nulrma! rates of NPV ‘11

: th i
\\.\ﬁ\‘*‘.
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4. In case of the underground mining projects where surface strain predicted by 3-D
subsidence prediction model is more than 20 mm/m, for the purpose of NPV such projects
shall continue be treated at par with the open cast mining projects and NPV of the forest land
diverted for such projects shall be realised at the normal rates of NPV.

5. The afore-mentioned revised rates of NPV shall be applicable to the cases where in-
principle approval under the Forest (Conservation) Act, 1980 has been accorded after the issue
of this etter.

This issues with approval of the Hon'ble Minister of State (Independent Charge) for
Environment, Forest and Climate Change.
Yours faithg,_d-l)’;

&

P \-.

- /I:l ¢J
(H.C. Chaudhary)
Director

A

Copy to:-

L Prime Minister's Office (Kind attn.: Shri Santosh D, Vaidya, Director).

2 Secretary, Ministry of Coal, Government of India.

3. Secretary, Ministry of Mines, Government of India.

4 Secretary, Ministry of Steel, Government of India.

5. Principal Chief Conservator of Forests, all State/ UT Governments.

6.  Nodal Officer, the Forest (Couservation) Act, 1980, all State/ UT Governments.,

7.  All Regional Offices, Ministry of Environment, Forests and Climate Change (MoEFCC),
Gol.
Joint Secretary in-charge, Impact Assessment Division, MoEFCC, Gol.

All Assistant Inspector General of Forests/ Directors in the Forest Conservation Division,
MoEFCC, Gol.
10. Director Regional Office Headquarters Division, MoEFCC, Gol.

11. Sr. Director (Technical), NIC, MoEFCC with a request to place a copy of the letter on
website of this Ministry.

12.  Sr, PPS to the Secretary, Ministry of Environment, Forest and Climate Change,

13, Sr. PPS to the Director General of Forests & Special Secretary, MoEFCC, Gol.

14. Sr. PPS to the Addl Director General of Foresls (Forest Conservation), MoEFCC, Gal.

—
15. IS to the Inspector General of Forests (Forest Conservation), MoEFFCC, Gol. o e
16. Guard File, vr/“:\-’“, di
(H.C, Chaudhary)
Director
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ANNEXURE-II

SUBSIDENCE IMPACTS

The Subsidence Impact Matrix given below shows the degrees of damage for
various surface features, including forest land, vis-a-vis subsidence. Slope and strain
values was developed as part of a Ministry of Coal funded S&T Project and is extracted
from the S&T Report titled “Subsidence in Mining Areas” by CMRI.

SLNo. [Impact Subsidence | Slope Strain
(mm) (mm/m) | (mm/m)
SURFACE TOPOGRAPHY _
1. Practically no impact <500 <3 <3
2. Some fine cracks or one or two <500 3-5 3-5
50mm wide cracks with visible 500-1000 5-10 3-5
depression
3. A large no. of fine cracks or a 500-2000 10-20 5-10

few 100mm wide cracks with
marked depression
4 A large no. of 50-100mm wide 500-2000 >20 10-20
cracks or a few 200mm wide
cracks with stepping. Marked
distortion in surface topography.
8 500mm wide cracks with >1000 >50 20-50
stepping and prominent
distortion in surface topography.
6. Many 500mm wide cracks some >2000 >100 50-100
upto 1000mm  width, large
stepping. Severe distortion in
surface topography.

7. Very severe distortion in surface >2000 >100 >100
topography. Stepped
subsidence with very wide
cracks.
SURFACE WATER BODIES
(Ponds, Rivers, Nallas, Jores, HFL)
1. Practically no impact <500 <3 <3
No loss of water
2. Marginal impact in some cases <1000 <5 <5

only. Some loss of water and
water logging

3. Severe impacts. Major loss of >1000 >5 >5 |
water. Severe water logging

SUB-SURFACE WATER TABLE

1. Marginal depletion in water <500 <3 <3
retaining capacity




SI.No. [Impact Subsidence | Slope Strain
(mm) (mm/m) | (mm/m)
2. Severe depletion in water - - >5
retaining capacity
AQUIFERS
1. Depletion in water retaining - >3
capacity
WATER LOGGING ON SURFACE
1. Very little waterlogging <500 - S
A Some(300-500mm deep | 500-1000 - -
depending on surface
topography)
3. Marked waterlogging >1000 . =
ROADS
1. Practically no impact <500 <5 g
2. Depressions with gentle slope - 5-10 >
3. Steeper slopes (speed - 20-50 -
restriction may be necessary)
4. Marginal repairs necessary - 20-50 >10
5. Major repairs necessary >50 >10
RAILWAY LINES - JOINTED CONSTHUCTION
i Practically no impact - <10 <3
2 Minor to severe impact, repairs >10 >3
necessary due to bending
twisting and breaking of rails
and steeper gradients.
RAILWAY LINES — WELDED CONSTRUCTION
1. No subsidence permitted. Even very small strain can cause twisting and
breaking of rails.
RAILWAY SIDINGS - JOINTED CONSTRUGTION
1. Practically no impact <10 )
D, Minor to severe impact, repairs - >10 >3
necessary.
SINGLE STOREY HUTMENTS (Kuccha)
1. Practically no impact. A few fine - <5 <3
cracks in plastered walls
B Minor repairable impacts. Fine - <10 3.5
cracks. A few 10mm wide
cracks
3. Major/severe impacts. Wide - >10 >5
cracks, stepping, tilting
SINGLE STOREY BUILDINGS
1. Very little impact. A few fine - <5 <3 |
cracks or one/two 5-10mm wide
cracks
2. Little repairable impact. 5-10mm " 5-10 3-5 |

wide cracks, slight displacement
of walls against roof, doors and

A2




Sl.No.

Impact

Subsidence
(mm)

Slope
(mm/m)

Strain
(mm/m) |

windows
jammed,

getting slightly

Severe impacts, major repair
necessary. Wider cracks,
stepping, crushing and tilting.
Gaps between walls and roof.

>10

>5

DOUBLE STOREY BUILDINGS

Very little impact. A few fine
cracks or one/two 5-10mm wide
cracks

<5

<3

Little repairable impact. 5-10mm
wide cracks, slight displacement
of walls against roof, doors and
windows getting slightly
jammed.

5-10

3-5

Severe impacts, major repair
necessary. Wider cracks,
stepping, crushing and tilting.
Gaps between walls and roof.

>10

>5

Little impact, repairable 5-
10mm wide cracks, doors and
windows getting slight jamming,
displacement of walls against
roof.

MULTI-STOREY BUILDINGS

<5

<3

Severe impacts. Wider cracks,
crushing and tilting and
stepping.

>5

LARGE BUILDINGS, MOVEMENTS

Very little impact. A few fine
cracks or one/two 5-10mm wide
cracks

>3

HISTORICAL BUILDINGS,

ETC.

<3

Little impact. 5-10mm wide
cracks. Damage to decorations.
Slight displacement. Doors and
windows getting jammed.

<1.5

3-5

1.5-3

Severe impacts, Wider cracks,
crushing etc. Major repairs
necessary.

>5

>3

AER|AL RO

PEWAYS

—

Practically no impact.

<5

<3

Little repairable impacts.

5-10

3-5

Severe impacts. Ropes may
leave pullies due to change in
alignment. Tilting of pylons.
Buckling of structure,

>10

>5




Sl.No.

Impact

Subsidence
(mm)

Slope
(mm/m)

HIGH TENSION PYLONS

Practically no impact

Severe impacts, . Tilting,
buckling and may be collapse of
pylons

<5

UNDERGROUND CABLES

Practically no impact

PO ==

Severe impacts (cables may

break due to tension)

UNDERGROUND PIPELINES

—
.

Practically no impact

Severe impacts. Breaking of
pipes.

OVERLYING VIRGIN SEAMS

Practically no impact. No visible
signs of subsidence when the
seams are developed.

A little impact. A little crushing
of coal, roof and floor rock. Fire
risk when development is done
in upper seam

Severe impacts. Crushing of
coal,roof and floor  rock.
Stepping in tensile strain zone.
Fire risk. Heaving supports
necessary during development

10-20

5-10

Very severe impacts. Severe
curshing, large stepping, entry
into subsided area rather
difficult. High fire risk. Arching
necessary.

>20

>10

OVERLYING WORKINGS
(Standing on developed pillars)

Practically no impact on
galleries and pillars.some

spalling.

<5

<3

Visible floor lifting, side spalling
and roof falls. Supports
required. Fire risk.

3-5

Marked floor lifting, side spalling
and roof falls. High fire risks.
Workings unsafe.

5-10

Severe floor lifting, large roof
falls, wide spread side spalling,
stepping, very high fire risk,

>10

Ml@iunsafe.
Axd
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Impact T

Subsidence |

(mm)

" OVERLYING WORKINGS

(Standing on reduced pillars)

Slope

| (mm/m) _

__| Practically no impact.

<3

" Strain

_(mm/m)_

Marginal impact on stability of
slooks. The stooks with
marginal factor of safety may
collapse increasing loading on
adjoining stooks.

=5

Failure of few stooks may lead
to chain of failures causing
partial or total collapse of area.
Thus  causing  additional
subsidence  on  overlying
horizons.

>5

=3

OVERLYING WORKINGS

(Packed or

Practically no impact on stowed
workings. Some loss of water

stowed)

<5

Complete loss of water from
stowed areas and also from
adjoining rise side areas

>5

1

Practically no impact on pillars,
galleries and water retaining
capacity of the workings.

WATERLOGGED OVERLYING WORKINGS (Standing on n develope

d pillars)

<3

Marginal loss of water through
fine cracks in strata around.
Dewatered areas may have risk
of fires, roof falls, side spalling,
floor lifting

<h

Major loss of water. High fire
risk in dewatered areas with roof

falls, side spalling, floor lifting,
efc.

5-10

Total loss of water. Very high
fire risk with severe floor lifting,
roof falls and spalling.

>10

WATERLOGGED OVERLYING WORKINGS (Standing on reduced Piliars /

stooks)
1. Stooks may collapse causing >3
additional  subsidence on
surface.

AsS



‘SLNo. [Impact Subsidence | Siope | Strain |
= (mm) (mm/m) | (mm/m)
2. Partial loss of water. Collapse . - 3-5

of stooks. Additional surface
subsidence, Fire risk.

8. Total loss of water. Collapse of ; - >5
workings.  Additional surface
subsidence. Fire risk

IN CURRENT WORKINGS FROM SUBSIDENCE AT THE LEVEL OF SURFACE |

1, Practically no impact. - <5
2. Leakage of air. Fire in goaves at - " >3
shallow depth

IN CURRENT WORKINGS FROM SUBSIDENCE AT THE LEVEL OF
OVERLYING WATER BODIES.

1. Practically no impact. - : <3
2 Marginal increase in make of - = 3-5
water
3. Appreciable increase in make of - - 5-10
walter
4. Heavy increase in make of - - >10
water, which may lead to
inundation.
SURFACE ATMOSPHERE
1. Practically no impact - - <5
2. Some air from underground - - 5-10

workings at shallow depth may
leak to surface.

3. Air leakage from shallow depth G - ~10
workings. If the workings have
fire, surface atmosphere is likely
to be polluted by gases coming
from the fire.

SUB-SOIL
1. Practically no impact. - B 3
2. Very little impact in the form of - B 3.5
reduction of water retaining
capacity
3. Temporary loss in water - - 5-10

retaining capacity. Cracks filling
may improve water retaining
capacity.

4, Long term loss of water 2 >10
retaining capacity.  Suitable
protective measures necessary.

AGRICULTURE

1. | Practically no impact 2 = =




Sl.No.

undergrowth but may not have
much impact on large trees
except those in the tensile strain
zone where wide cracks
develop. High tilting may cause
some trees to fall in the high
slope zone.

Impact Subsidence Slope Strain
P (mm) (mm/m) | (mm/m) |
2, Marginal impact, i.e. reduction - - 5-10
in yield due to loss in water
s retaining capacity of sub soil |
3. Major impact, i.e. sizeable - >10
S reduction in yield
N FOREST AND PLANTATION —
1. Practically no impact - <10 <3
2. Temporary loss in  water a 10-20 5-10
retaining capacity of top soil
may affect undergrowth slightly.
Slight tilting of plants/trees
3. Short term impact on trees in - 20-50 10-20
Z0nes having cracks. The
cracks may get filled in due
course. Tilting of trees.
4. Wide cracks may severely affect - >50 >20







BANGWAR UNDERGROUND MINE, SECL
Table-1
Anticipated maximum possible subsidence, slope and tensile strain over mining area at the
end of 5 Years

" Maximum | Maximum | Maximum  |Likely width of
SINo | Panel Name | ~V®"9€ | gypsidence | Slope | Tensile strain [surface Cracks
Depth(m)
(mm) (mm/m) (mm/m) (mm)
1 VII1 48.00 2400 100.00 52.50 >300
2 VII2 51.00 2400 94.12 49.41 >300
3 VI3 50.50 2700 106.93 56.14 >300
4 Vil4 68.50 2100 61.31 32.19 >300
5 VIIS 66.40 2160 65.06 34.16 >300
6 VIl6 68.40 2140 62.57 32.85 >300
Z VII7 62.40 2160 69.23 36.35 >300
8 VI8 60.30 2220 73.63 38.66 >300
9 VIIg 40.90 2460 120,29 63.15 >300
10 VII10 47.00 2400 102.13 53.62 >300
11 Vi1 54.00 2400 88.89 46.67 >300
12 VII12 44.00 2400 109.09 57.27 >300
13 VII13 42.00 1800 85.71 45.00 >300
14 VIT20 102.30 1300 25.42 13.34 <150
15 VIT21 99.10 1210 24.42 12.82 <100
16 VIT22 96.60 1030 21.33 11.20 <100
17 VIT23 91.00 1620 35.60 18.69 <300
18 VIT23A 95.00 1540 32.42 17.02 <200




BANGWAR UNDERGROUND MINE, SECL

Tablo-2
Anticipated maximum possible subsidencoe, slope and tonsllo straln ovor mining aron at the ond of 10
Years
Maximum | Maximum [ Maximum | Likoly width of
Sl. No. Panel Name Avarage Subsldence | Slope Tonsllo straln |surface Cracks

Duptiym) (mm) (mmim) (mm/m) (mm)
1 VII1, VIT2, VIT3 VII5 83.50 3900 03,41 49,04 =300
2 VII2 VIS, VIT5 VIT4 83,50 4790 114,73 60.23 =300
3 V4, VIT1 88.90 3360 75,59 J9.6Y »300
4 VITG, VII7 84.80 3430 80.90 42.47 =300
5 VI3, VIT7, VIT8 78.80 5380 136.55 71.69 >300
6 VI8, VIT19, VIT19A 81.60 3660 89,71 47.10 =300
7 VI VIT12, VIT11 79.00 5070 128.35 G67.39 =300
8 VII12, VIT13, VIT10 73.50 4550 123.81 65.00 >300
9 VII10, VIT13, VIT9 74.50 5030 135.03 70.89 =300
10 VI3, VIT14 68.20 4000 117.30 G1.58 >300
11 VIS, VIT13, VIT14 68.20 4550 133.43 70.05 =300
12 VII14,VIT15 57.20 3600 125,87 (36.08 =300
13 VII15, VIT16 52.40 3480 132.82 69.73 >300
14 VIT20 102.30 1300 25.42 13.34 <150
15 VII16 84.90 1250 29.45 15.46 <200
16 VIN7 91.00 1800 39.56 20.77 =300
17 VIT21 99.10 1210 24,42 12.82 <100
18 VIT22 96.60 1030 21,33 11.20 <100
19 VIT23 91.00 1620 35.60 18.69 <300
20 VIT23A 95.00 1540 32.42 17.02 <200




BANGWAR UNDERGROUND MINE, SECL

Table-3
Anticipated maximum possible subsidence, slope and tensile strain over mining area at the end of 15
Years

A Maximum | Maximum Maximum Likely width of

Sl. No. Panel Name B vetr:ge Subsidence | Slope | Tensile strain |surface Cracks

spthim) (mm) (mm/m) (mm/m) (mm) |
1 VII1, VI, VIT2, VIT3 83.50 3900 93.41 49.04 >300
2 VII2,VIIB, VIT4, VIT5 83.50 4790 114,73 60.23 >300
3 VIi4, VIT1, VIBS 88.90 5240 117.89 61.89 >300
4 VITB, VII7 84.80 3530 83.25 43.71 >300
5 VI3, VIT7, VIT8 78.80 5380 136.55 71.69 >300
6 VIIB VIT19, VIT19A 81.60 3660 89.71 47.10 >300
7 VI VIT12, VIT11 79.00 5070 128.35 67.39 >300
8 VII12, VIT13, VIT10 73.50 4550 123.81 65.00 >300
9 VII10, VIT13, VIT9 74.50 5030 135.03 70.89 >300
10 VII13, VIT14 68.20 4000 117.30 61.58 >300
11 VII9, VIT13, VIT14 68.20 4550 133.43 70.05 >300
12 VII4 VIT15 57.20 3600 125.87 66.08 >300
13 V115, VIT16, VIT17 52.40 3600 137.40 72.14 >300
14 V1120 102.30 1200 23.46 12.32 <100
15 VIiI16 84.90 2140 50.41 26.47 >300
16 VII17 91.00 3530 77.58 40.73 >300
17 Vil18 99.10 3660 73.86 38.78 >300
18 VII18A 96.60 1800 37.27 19.57 <300
19 VII19, VIT20 91.00 2500 54.95 28.85 >300
20 Vii21, VIT21 95.00 2240 4716 2476 >300
21 V1122, VIT22 99.1 1840 37.13 19.50 <300
22 VII25, VIT23, VIT23A 91 3390 74.51 39.12 >300
23 VII23 53.6 1440 53.73 28.21 >300
24 V24 61.55 1470 47.77 25.08 >300
25 VIT18 33 1500 90.91 47.73 >300
26 VII16, VIB15 123.8 3000 48.47 25.44 >300
27 VIT24 57.5 1790 62.26 32.69 >300
28 VIT24A 69 1730 50.14 26.33 =300
29 VIT25 58 1790 61.72 32.41 ~300
30 VIT25A 68.5 1800 52.55 27.59 >300
3 VIT26 51 1800 70.59 37.06 >300
32 VIT27 36 1800 100.00 52.50 >300
33 VIT28 29.5 1800 122.03 64.07 >300
34 VIIMD1, VITMD2 53 2950 111.32 58.44 >300
35 VIIMD2, VITMD3 85 2620 61.65 32.36 =300
36 VIIMD3, VITMD4 91 3530 77.58 40.73 =300
37 VITMD1 35 950 54.29 28.50 >300
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BANGWAR UNDERGROUND MINE, SECL

Table-4
Anticipated maximum possible subsidence, slope and tensile strain over mining area at the end of 20
Years
P Maximum |, . A
Maximum | Maximum : Likely width
51, No. Panel Name Average Subsidence | Slope Tens'lle of surface
Depth(m) strain
(mm) (mm/m) f—— Cracks (mm)

1 VI, VIS, VIT2, VIT3 83.50 4050 97.01 50.03 =300
2 VII2 VIIB, VIT4, VITS, 83.50 4790 114.73 60.23 >300
3 VI3, VITT 78.80 5380 136.55 71.69 >300
4 VIBS. VIT1, VIl4 94.80 5240 110.55 58.04 >300
5 VIBB. VII6, VIT2, VIT4, VII5 99.60 4790 06.18 5050 =300
6 VIBT7, VITS, VIIT 95.10 5310 111.67 58.63 >300
7 VIT8, VII3 72.50 5380 148.41 77.92 >300
8 VITY, VIO, VI 74.50 5070 136.11 71.46 >300
9 VIT10, VII12 73.50 5130 139.50 73.29 >300
10 VIT11, VII12, VII1 79.00 5130 129.87 68.18 >300
1 VIT12, VI 75.00 5070 135.20 70.98 =300
12 VIT13, VII12, VII0, VII9 66.50 5650 169.92 89.21 >300
13 VIT19, VIB12, VI8 90.60 5680 125.39 65.83 >300
14 VIT19A, VI8, VIB12 90.60 5680 125.39 65.83 >300
15 VIT14, VIB8, VII13, VII9 76.10 5650 148.49 77.96 >300
16 VIB9, VIl14, VIT15, VII13 72.10 5640 156.45 82.14 >300
17 | VIB10, VIT15, VIT16, VII14, VII5 | 68.00 5640 165.88 87.09 >300
18 VIT17, VII15 4150 5280 254 .46 133.59 >300
19 VIT18, VIB13 52.80 2790 105.68 55.48 >300
20 VIB14 41,60 1440 69.23 36.35 >300
21 VIB21 140 1580 22,57 11.85 <100
22 VIB15, VII16 123.8 3010 48.63 25.53 >300
23 VII17, VIB17 125.9 3950 62.75 32.94 >300
24 VII18A, VIB19A 1295 3160 48.80 2562 >300
25 VIB19, VII18 1295 3180 49.27 25.86 >300
26 VIB20 135.5 2320 34.24 17.98 <200
27 VIB23, VII20, VIT20 118.5 4620 77.97 40.94 =300
28 VIB24 124.5 810 13.01 6.83 =50
29 VIB25, VII21, VIT21 119 4000 67.23 35.29 >300
30 VIB26, VII19, VIT20 115 4620 80.35 42,18 =300
31 VIB28, VII23 94.3 2630 55.78 29.28 >300
32 VIB31, VII24 83.5 3270 78.32 41.12 >300
33 VIB29, VIT22, VII21, VII22 110.5 4000 72.40 38.01 =300
34 VIB30, VIT22, VII21, VII22 117 4000 68.38 35.90 =300
35 VIB32, VII22 94.4 3080 65.25 34.26 =300
36 VIB38 77 3740 97.14 51.00 >300
37 VIB34, VIT23, VIT23A 107 5010 93.64 49.16 =300
38 VIB35, VII25, VIT23, VIT23A 100 5010 100.20 52.61 =300
39 VIB33 81.5 1530 37.55 19.71 <300
40 VIB39 585 1200 41.03 21.54 =300
41 VIB39A 61 1200 39.34 20.66 =300
42 VIB41 49.5 1200 48.48 25.45 =300
43 VIB43, VIT28 50.3 3120 124.06 65.13 =300
44 VIB38, VIT24, VIT24A 77 3840 99.74 52.36 =300
45 VIB37, VIT25A 86.5 3680 85.09 44 67 =300
46 VIB38, VIT24, VIT25 77 3840 99.74 52.36 >300
47 VIB40, VIT26 63.8 3420 107.21 56.29 >300
48 VIB42, VIT27 51.8 3420 132.05 69.32 >300
49 VIB44 36.6 1440 78.69 41.31 =300
50 VIB45 38.6 1440 74.61 39.17 >300
51 VITMD1 35 950 54,29 28.50 >300
52 VIIMD1, VITMDZ2 53 2950 111.32 58.44 >300
53 VIIMD2, VITMD3 85 2620 61.65 32.36 =300
54 VITMD4, VIIMD3 91 3570 78.46 41.19 >300




BANGWAR UNDERGROUND MINE, SECL

Table-5
Anticipated maximum possible subsidence, s!opeLai?Ed tensile strain over mining area at the end of Mine
Average | Maximum | Maximum | MaXIMum | oo o
Sl No. Panel Name Depth(m) Subsidence Slope 'I;e;l::ilrlf of siirface
(mm) (mmim) (mmim) Cracks (mm)
™ VIT19. VIB12, VII8 90.60 5680
2 VIT19A. VII8, VIB12 90.60 5680 gggg gg'gg :ggg
3 VIT13, VII12, VII10, VII9 66.50 5650 169 92 2031 =300
4 VIT14, VIB8, VII13, VII9 76.10 5650 148.49 77 66 =300
5 | VIB10. VIT15, VIT16, VIi14, VII5 | 68.00 5640 16588 5708 5300
6 VIBY, VII14, VIT15, VII13 72.10 5640 ‘
£l 156.45 82.14 >300
; V[B1\11'|¥S;T1?[3V"15 33‘22 5410 173.12 50.89 >300
EL VI : 5380 148.41 77.92 >300
9 VI3, VIT? 78.80 5380 1 >
10 VIB7, VIT6, Vil7 95.10 5310 fite7 | 5563 =500
11 VIB27. VIIMD3_VII4, VIT1 101.7 5290 11160 £8 59 =300
12 VIB5. VIT1, Vil4 94.80 5290 111.60 58.50 >300
13 VIT10, VII12 73.50 5130 139.59 73.29 >300
14 VIT11, VII12, VII11 79.00 5130 120.87 68.18 >300
15 VITS, VII10, VII11 74.50 5070 136.11 71.46 >300
16 VIT12, VIl11 75.00 5070 135.20 70.98 >300
17 VIB35, VII25, VIT23, VIT23A 100 5010 100.20 52.61 >300
18 VIB34, VIT23, VIT23A 107 5010 93.64 49.16 >300
19 VIIMD2, VITMD3, VIBMD4 101 4980 98.61 51.77 >300
20 VIBMD5, VITMD4, VIIMD3 101 4980 98.61 51.77 >300
21 VII2,VIIB, VIT4, VIT5 83.50 4790 114.73 60.23 >300
22 VIBB, VI, VIT2, VIT4, VII5 99.60 4790 96.18 50.50 >300
23 VIBMD3, VIIMD1. VITMD2 101 4660 81.04 4255 >300
24 VIB26, VII19, VIT20 115 4620 80.35 42.18 >300
25 VIB23, VII20, VIT20 1185 4620 77.97 40.94 >300
26 Vi1, VII5, VIT2, VIT3 83.50 4050 97.01 50.93 >300
27 VIB29, VIT22, VIi21, VIIi22 110.5 4000 72.40 38.01 >300
28 VIB30, VIT22, Vii21, V122 117 4000 68.38 35.90 >300
29 VIB25, VIi21, VIT21 119 4000 67.23 35.29 >300
30 VII17_VIB17 125.9 3950 62.75 32.94 >300
31 VIB36. VIT24, VIT24A 77 3840 99.74 52.36 >300
32 VIB38, VIT24, VIT25 77 3840 99.74 52.36 >300
33 VIB38 77 3740 97.14 51.00 >300
34 VIB37, VIT25A 86.5 3680 85.09 44,67 >300
35 VIB42, VIT27 51.8 3420 132.05 69.32 >300
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38 VIB19, VII18 129.5 3190 49.27 25.86 >300
39 VII18A, VIB19A 129.5 ggg 142848005 gg?g zggg
VIT28 50.3 : :
i? \31832. Vii22 944 3080 65.25 fai 200
42 VIB15, VII16 1238 3010 48.63 25;23 3383
43 VIT18, VIB13 52.80 2790 105.68 59. .
24 VIB28, Vii23 o3 | 2630 | 5678 1 2928 s
45 ViB20 1855 [ 2320 n };‘43 >300
46 VITMDA, VIBMD1 49 2190 2 11.65 <100
47 ViB21 140 1569 e 19.71 <300
48 VIB33 81.5 1530 37.55 T e
49 ViBd4 36.6 1440 = 39.17 >300
VIB45 38.6 1440 74.61 317 2300
= VIB14 160 | 1a40 | 692 1 B =
52 VIBMD?2 60 :____133%__. igﬁa 25.45 >300
53 VIB41 49.5 1%30 21.03 21.54 =300
54 VIB39 58.5 1200 3934 20.66 >300
55 VIB39A 61 1 13.01 6.83 <100
56 VIB24 124.5 810
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